A hierarchical classification, description, and ecological and floristic interpretations are presented on the vegetation types of the semi-arid northern savanna of the Sekhukhuneland Centre of Plant Endemism. Relevés were compiled in 47 stratified random plots. A TWINSPAN classification, refined by Braun-Blanquet procedures, revealed eight plant communities, classified as four associations, one of which is subdivided into five sub-associations. For each plant community, the floristic richness, endemism and conservation status was determined. Much of the plant community distribution can be ascribed to environmental factors and anthropogenic disturbance. An ordination (DECORANA), based on floristic data, showed environmental gradients that possibly exist between plant communities and associated habitats. The floristic information, proposed classification, general description and vegetation key, can be used for the identification and monitoring of protected areas, land-use planning, and further conservation research.
Introduction
Phytosociological studies have been conducted on savanna vegetation types of the Bushveld Complex in Limpopo Province (Bredenkamp & Van Vuuren 1977; Breebaart & Deutschlander 1997; Siebert et al. 2002b Siebert et al. , 2002c . However, the vegetation of most areas still remains to be investigated and described, both on reconnaissance level and in more detail. Such an area is the semi-arid plains and hills of the Potlake Nature Reserve and surrounding Mecklenburg region, previously described as the Northern Dry Mixed Bushveld (Siebert et al. 2002a ) of the Sekhukhuneland Centre of Plant Endemism (SCPE) Van Wyk & Smith 2001) . The area is situated to the north of the Steelpoort Subcentre of the SCPE, which is floristically noteworthy in that many rare and endemic species with distributions correlated with the geological substrate occur here (Siebert et al. , 2002d ). This paper forms part of a wider investigation into the vegetation of the SCPE (Siebert et al. 2002a) . It is envisaged that the identification, classification and description of the various vegetation units of conservation areas will contribute to the knowledge of the plant diversity and biological intricacies of the region. Classification of the vegetation is essential for the formulation of a management policy and for proper land use planning. This paper shows which plant communities (and rare species) are presently conserved in Sekhukhuneland, and by comparison with data from Siebert et al. (2002b Siebert et al. ( , 2002c Siebert et al. ( , 2002d , it will identify ecosystems not presently conserved.
Therefore, the paper aims to provide ecological and floristic data of the region's semiarid bushveld and the associated habitats, by characterising and interpreting the vegetation units, as well as constructing a vegetation key to assist with the identification of plant communities in this homogeneous vegetation
type. An assessment of the plant diversity, endemism/near-endemism and Red Data List taxa in the plant communities of the study area is supplied for future conservation planning initiatives in the region. The vegetation described here only includes those plant communities that are part of the Acacia tortilis-Eragrostis barbinodis Northern Dry Mixed Bushveld (Siebert et al. 2002a) . A synthesis in the form of a phytosociological table is presented as a summary of the major vegetation types.
Study area
The study area is situated directly south of the Strydpoort Mountains in Limpopo Province between latitude 24º15'00''-24º30'00''S and longitude 29º30'00''-30º10'00''E ( Fig. 1 ). This northern part of the SCPE is restricted to the eastern Bushveld Complex, situated on top of the Lower Zone of the Rustenburg Layered Suite (Visser et al. 1989) . The Lower Zone stretches around the eastern side of the Leolo Mountainsfrom Lebowakgomo eastward and then southward towards Steelpoort where it fades. The study area (Potlake Nature Reserve and surrounding areas) covers approximately 1250 km² and comprises a moderately heterogeneous physiography (Land Type Survey Staff 1987) , which is underlain by a heterogeneous geology of pyroxenite belts covered by surficial deposits of alluvium and scree (Visser et al. 1989) . Other prominent rocks include Jagdlust harzburgite, Shelter norite and Karoo dolerite. Potlake Nature Reserve is small (approximately 30 km²) and conserves the vegetation of the largest serpentinised ultramafic outcrop in Sekhukhuneland.
Sekhukhuneland lies in the summer rainfall region, with the semi-arid northern parts receiving mean annual precipitation of 430 mm (South African Weather Bureau 1998). The rainfall pattern is strongly influenced by the area's topography (Siebert 1998) , varying from 416 mm in the east to 499 mm in the west, and from 500 mm in the south to 456 mm in the north (Erasmus 1985) . Daily temperatures range from a minimum of 8 °C in winter to a maximum of 38 °C in summer, with a mean annual temperature of 20 °C (South African Weather Bureau 1998). Temperatures vary at different localities within the study area, also correlating strongly with physiographic regions, being higher for lowlying valleys and lower for high-lying plateaus (Buckle 1996) . Minimum temperatures of below freezing point are extremely rare, even at higher altitudes. The difference in altitude between the two most extreme locations is approximately 200 metres. Bredenkamp & Van Vuuren (1977) recognised various savanna vegetation types on the adjacent Pietersburg Plateau, which show a definite floristic affinity with the semi-arid savanna of the SCPE (Siebert et al. 2002a) . In this semi-arid region of sequential bands of hills and plains, the predominant characteristic vegetation feature is low open savanna, which is mostly restricted to the ultramafic areas between the Leolo Mountains and the Strydpoort Mountains. Acocks (1988) mapped the vegetation of the study area as tropical bush and savanna veld types, namely Mixed Bushveld and Sourish Mixed Bushveld. Acocks (1988) accurately distinguished the major vegetation type of the study area as Mixed Bushveld, which is an Acacia-dominated savanna of relatively drier plains (Siebert et al. 2002a) . According to Acocks (1988) the vegetation of the mountain slopes of the Leolo Mountains' northern ranges is Sourish Mixed Bushveld, which links with the vegetation on the southern slopes of the Serala Subcentre and the western slopes of the Blyde River Subcentre (Matthews 1991) . However, it is not a typical sour bushveld and needs to be studied further to determine its true identity, because the area under discussion is semi-arid (mean annual rainfall between 350 and 450 mm per annum). In the 1940s, Sekhukhuneland was already highlighted as an area that is rapidly becoming a semi-desert (Codd 1949) .
Methods
Floristic and habitat data of the study area were obtained from 47 stratified random plots, sampled by Matthee in 1978, and verified by Siebert in 1998. Longitude and latitude readings were recorded for the 1978 sample units during the 1998 survey. Stratification was based on soil form, terrain type and aspect. To standardise the plot size for the Sekhukhuneland survey, plots in the savanna were fixed at 20 m x 20 m (Siebert et al. 2002a) . Within each sample plot, all species were recorded and a cover-abundance value assigned to each species according to the Braun-Blanquet scale (MuellerDombois & Ellenberg 1974) . Plant species names conform to those of Retief & Herman (1997) . Terminology to describe vegetation structure follows Edwards (1983) . Environmental data recorded in each sample plot include terrain type, aspect, slope, geology, soil form and rockiness of soil surface. All relevé data are stored in the TURBOVEG database (Hennekens 1996a) , and managed by the Department of Botany, University of Pretoria .
A first approximation of a vegetation classification for the Sekhukhuneland region in general, based on the total floristic data set of 415 relevès (Siebert et al. 2002a) , was obtained by the application of the TwoWay Indicator Species Analysis (TWINSPAN) (Hill 1979a ). This first step identified several major vegetation types for the SCPE (Siebert et al. 2002a) and was used to subdivide the data set into five phytosociological tables. The table representing Northern ISSN 0075-6458   Table 1 Phytosociological table of the semi-arid savanna of the Potlake Nature Reserve and surrounding areas ISSN 0075-6458 Dry Mixed Bushveld was again subjected to TWINSPAN. Braun-Blanquet procedures were used to further refine the resultant classification in the MEGATAB computer programme (Hennekens 1996b) (Table 1 ). All syntaxa were subsequently hierarchically classified and described according to the Code of Phytosociological Nomenclature (Weber et al. 2000) .
The ordination algorithm Detrended Correspondence Analysis (DECORANA) (Hill 1979b) (Fig. 2) was applied to illustrate possible floristic relationships between communities and to confirm possible gradients between the vegetation and the physical environment.
In order to facilitate the identification of areas of high conservation potential, the alpha diversities of the different plant communities were calculated. The alpha diversity (plant species richness) is defined as the number of species per unit area within a homogeneous community or the total number of species per community (Whittaker 1977) . A 400 m² sample plot was taken as the unit area within a homogeneous community.
Distribution ranges of all the taxa were verified at the National Herbarium [PRE] , Pretoria, to identify any taxa endemic to the region (Siebert et al. 2002d) . All taxa were also checked against Red Data Lists of southern African plants (Hilton-Taylor 1996; Victor 2002) to determine their conservation status in South Africa.
Mean vegetation cover percentage (MCP) was determined for each species in every community. For the purpose of this study, MCP is the sum of a species' percentage cover in all the relevés of a community, divided by the total number of relevés for that community (species cover was determined using the following conversion from the Braun-Blanquet scale: r = 0.5%; + = 1%; 1 = 3%; A = 8%; B = 18%; 3 = 37%). Species were grouped into their respective growth forms, namely trees, forbs or grasses, and the total vegetation cover percentage (TCP) was determined by adding the MCPs for each growth form in each community.
Results and discussion

Classification
Since the study area lies in the geological and climatically uniform dry and warm northern region of the Sekhukhuneland Centre (Siebert et al. 2002a) , no major climatic variation plays a role in local differentiation of plant communities. Communities were not always distinctive in the field. This might be attributed to the homogeneity of the environmental factors, causing a complex transition pattern of habitats and associated vegetation. The hierarchical classification of the vegetation reinforces the relationship between habitat and plant communities (Fig. 2) .
Major plant communities relate to soil properties, aspect and terrain type. A summary of selected community attributes is given in Table 2 . Distribution of the 16 identified Sekhukhuneland endemic/near-endemic and rare/threatened species (Siebert et al. 2002d) among the various plant communities of this semi-arid savanna is listed in Table 3 .
Analyses resulted in the identification of eight plant communities, classified as four associations, one of which is subdivided into five sub-associations ( 250-500 100-400 300-500 100-400 200-400 300-400 250-400 50-100 1 P = Pyroxenite; SH = Serpentinized harzburgite; Q = Alluvium 2 M = midslope; F = footslope; P = plain 3 Bo = Bonheim; Gs = Glenrosa; Mw = Milkwood; Sd = Shortlands; Sn = Steendal; Va = Valsrivier Table 1 .
A vegetation key is presented to facilitate plant community identification (Table 4 ). The definitions are broad indications of typical groups and should be seen as a guideline. A diagnostic characteristic of the vegetation or habitat is given, followed by the diagnostic and most conspicuous species of a group. The first species is restricted to the specific group only, and the second is dominant in the group, but also occurs in other groups. Where one species is given, no species was restricted to the group only.
Description
Acacia tortilis-Eragrostis barbinodis Northern Dry Mixed Bushveld of the SCPE is predominantly restricted to the plains and lower slopes of undulating hills. Surface rocks are common and abundant in many of the communities, with soil clay percentages varying from 15 % to 35 %. According to the Edwards (1983) classification, the structure of the vegetation is mainly closed tree savanna (undisturbed vegetation), shrubland thick- 
Urochloo mosambicencis-Acacion tortilis all. nova hoc loco
Nomenclatural type: Schmidtio pappophoroidis-Acacietum tortilis (holotypus), association 2 described in this paper.
This alliance is classified under the Panico maximi-Acacietea tortilis (Winterbach et al. 2000) . It is related to the Colophospermum mopane-Euclea divinorum Tree Savanna (Van Rooyen et al. 1981 ) and the Urochloo mosambicensis-Eucleion divinorum (Siebert et al. 2002c ).
Habitat. Vegetation representing this alliance could be interpreted as a semi-arid vegeta- tion unit driven by rural livelihood systems (this includes overgrazing by goats, irregularly planted fields and intensive wood harvesting), a highly erodable soil profile (weakly structured upper horizons that wash away during heavy rains), and periodic droughts. These habitats occur on gentle footslopes (1-5°) on all aspects (Table 2) of the Potlake Nature Reserve and surrounding areas in Sekhukhuneland. The dominant soil forms are the Steendal and Valsrivier forms. Average rock size varies from 100 mm to 400 mm and covers 10-50 % of the soil surface (Table 2 ).
Vegetation structure. The structure represents a transition from pristine savanna to man made grassland to degraded systems with bush encroachment. The alliance is characterised by species group U ( Floristic diversity. It is speculated that much of the vegetation distribution in the semi-arid savanna of the Potlake area can be attributed to the vegetation dynamics and historic evolution of the region, which is influenced by the surrounding flora, continual disturbance by over grazing/harvesting and aridity. Plant species migrations from especially the Pietersburg Plateau (Bredenkamp & Van Vuuren 1977) and disjunct local occurrences with areas even further north (Van Rooyen et al. 1981) , had a considerable influence on the local patterns and species composition of plant communities. Loreau & Mouquet (1999) demonstrated that local diversity, community patterns and ecosystem processes, are strongly influenced by plant migration. This is further supported by the presence of species typically from higher rainfall areas in the Lowveld, and includes Balanites maughamii, Combretum imberbe, Diospyros mespiliformis, Philenoptera violacea and Ptaeroxylon obliquum. These taxa were recorded in the vicinity of the banks of the Olifants River in Sekhukhuneland.
1. Panico colorati-Crotonetum menyhartii ass. nova hoc loco
Nomenclatural type: Relevé 383 (holotypus), Table 1 This association is related to the Loudetio simplicis-Eucleetum linearis and the Enteropogono macrostachyos-Sclerocaryetum birreae (Siebert et al. 2002b) .
Habitat. This association occurs on the lower midslopes and footslopes of hills. The habitat is predominantly restricted to eastern aspects that are gently sloped and slightly eroded (Table 2) . Loam soils are predominant, mostly the Glenrosa form, with a black coloured ortic A-horizon over a lithocutanic B-horizon. The surface rock cover percentage is high and the mean rock diameter is between 250 mm and 500 mm ( include Enneapogon scoparius and Eragrostis barbinodis, which contribute substantially towards the grass cover of 14 %.
Floristic diversity. This is the most pristine plant community of the Urochloo mosambicencis-Acacion tortilis. Floristically the association shows an affinity with Association 2 in species groups F, H and M (Table 1 ). The average number of plant species encountered per sample plot is 25, with the total number for this association being 59 (six relevés) ( Table 2 ). The SCPE near-endemic Petalidium oblongifolium is restricted to this association. A further three endemics, two near-endemics and three Red Data List taxa were recorded for this association (Table 3) .
Schmidtio pappophoroidis-Acacietum tortilis ass. nova hoc loco
Nomenclatural type: Relevé 348 (holotypus), Table 1 This association is related to the Colophospermum mopane-Acacia tortilis-Urochloa mosambicensis Tree Savanna of Van Rooyen et al. (1981) and the Enneapogono cenchroides-Acacietum leiorachis (Siebert et al. 2002c ).
Habitat. The association is typical of plains, footslopes and lower midslopes of ultramafic hills. It is managed for grazing purposes in and adjacent to the Potlake Nature Reserve. It is situated on relatively sloped areas (1-5°) with a surface rock cover of 5-15 % (Table 2) . Mean rock diameter is approximately 100-500 mm ( Floristic diversity. The association shows strong floristic affinities with the other associations of the study area in especially species groups M, R and T ( (Table 3) . The highest number of endemics (7), near-endemics (4) and Red List taxa (4) occur in this association, which is also the community with the highest numbers of taxa (13) with conservation value.
Schmidtio pappophoroidis-Acacietum tortilis grewetosum bicoloris subass. nova hoc loco
Nomenclatural type: Relevé 354 (holotypus), Table 1 This sub-association represents short thicket on black loam soils underlain by gypsumrich lower horizons. The dominant soil forms are melanic, namely the Steendal form (soft carbonate B-horizon) interspersed by the Milkwood form (A-horizon underlain with hard rock). The community occurs on northern aspects of moderate footslopes and lower midslopes of hills (Table 2 ). Rock cover is sparse. In Table 1 , species group C contains the diagnostic species, which is dominated by the diagnostic woody taxa Cadaba aphylla and Grewia bicolor. Table 1 ). This plant community is floristically the richest of the Urochloo mosambicencis-Acacion tortilis, with the highest number of plant species encountered per sample plot (50) and the highest total number recorded per community, namely 110 (five relevés) ( Table 2) . One SCPE near-endemic, Huernia stapelioides, and one SCPE endemic, Euphorbia sp. nov., are restricted to this sub-association (Table 3) .
Schmidtio pappophoroidis-Acacietum tortilis rhigozetosum obovati subass. nova hoc loco
Nomenclatural type: Relevé 368 (holotypus), Table 1 This sub-association comprises tall, closed shrubland on footslopes and midslopes. It occurs on relatively deep loam soils of the Valsrivier form (ortic A-horizon over a pedocutanic B-horizon), which is interspersed with shallow soils of the Glenrosa form (ortic A-horizon over a lithocutanic B-horizon). It prefers south-easterly aspects of hills which are characterised by gentle slopes and a rocky surface (Table 2) . Species group D (Table 1) Floristically the sub-association shows the same relationships as sub-association 2.1 (Table 1) . A Sekhukhuneland Centre endemic, Aloe burgersfortensis, is restricted to this community within the study area (Table 3) , but can also be found in the Mountain Bushveld of the Maandagshoek, Burgersfort, Steelpoort and Dwarsrivier areas.
Schmidtio pappophoroidis-Acacietum tortilis diospyretosum lycioidis subass. nova hoc loco
Nomenclatural type: Relevé 360 (holotypus), Table 1 The short, sparse and open tree savanna of this sub-association occurs on footslopes and lower midslopes with red loam soils. Soils are predominantly of the Shortlands form (ortic A-horizon with a red-structured Bhorizon), interspersed with soils of the Glenrosa form. It lies on gently sloped, southern aspects of undulating, ultramafic hills (Table 2) . Rock surface cover and size are relatively high (Table 2) . Diagnostic species are listed in species group G (Table 1) . Diospyros lycioides is the only diagnostic woody species and Eragrostis trichophora (along the footpaths) the only diagnostic grass. However, the syntaxon is rich in diagnostic forbs, including (Table 1) . Gossypium herbaceum subsp. africanum, a Red Data List taxon described as Insufficiently Known (K) for Swaziland, is the only species restricted to the sub-association (Table 3) .
Schmidtio pappophoroidis-Acacietum tortilis indigoferetosum rhytidocarpae subass. nova hoc loco
Nomenclatural type: Relevé 370 (holotypus), Table 1 This sub-association of short, open, disturbed savanna in zones of previously cultivated land is common on soils characterised by melanic loams of the Bonheim form (pedocutanic B-horizon). This syntaxon occurs on the plains and on lower footslopes of warmer northern aspects (Table 2) . Mean rock size is large, but rock cover is sparse (Table 2) . Species group L contains the diagnostic species for this sub-association (Table 1) Acacia tortilis dominates the sparse tree cover (3 %), and A. grandicornuta and Dichrostachys cinerea encroaches to a lesser degree. The sub-association is the last of the strong floristic relationship between associations 1 and 2 in species group M (Table 1) . A sole relationship, possibly indicating an ecotone, is shared with association 3 in species group O (Table 1) . The plant species diversity per community is high (Table 2 ) and includes taxa of conservation value (Table 3) .
Enneapogono cenchroidis-Salvadoretum australis ass. nova hoc loco
Nomenclatural type: Relevé 356 (holotypus), Table 1 Habitat. This association occurs on predominantly warm, but locally moister, northerly aspects of ultramafic hills. Mean rock size is high and varies between 250 mm and 400 mm in diameter, and covers 5-15 % of the soil surface (Table 2) . It is characterised by gentle footslopes and undulating plains ( Table 2 ). The dominant soil form is brackish alluvium of the Steendal form (Table 2) . Floristic diversity. Floristically this association shows strong affinities with most of the other associations of the semi-arid savanna of the SCPE, however not including association 1 (Table 1) . A very close floristic relationship with association 2 is visible in species group R (Table 1) On average, a high mean number of 48 species were recorded per sample plot for the association, with a total of 98 different plant species overall (four relevés) ( Table 2) . No taxa of conservation value are restricted to this association; however, one SCPE endemic, one SCPE near-endemic and two Red Data List taxa were recorded (Table 3) .
Urochloo panicoidis-Agavetum americanae all. nova hoc loco
Nomenclatural type: Relevé 390 (holotypus), Table 1 Habitat. This association occurs on all aspects along gently sloped undulating plains (Table 2) . Soils are divers and may include turf soils such as the Arcadia form (vertic A-horizon), clay soils such as the Steendal form (melanic A-horizon), loam soils such as the Shortlands form (ortic Ahorizon, red-structured B-horizon) or sandy soils such as the Hutton form (ortic A-horizon, red-apedale B-horizon). The soil surface is sparsely (5-10%) covered by stones with a small mean size of 50-100 mm (Table 2) .
Vegetation structure. This plant community is described as sparse, open, species-poor savanna on disturbed, compacted soils adjacent to natural footpaths of domestic livestock, around settlements of local people, and along natural migration routes of game in the reserve. Diagnostic species are presented in species group S ( No other common species of the semi-arid savanna of the study area occur frequently in this association.
Floristic diversity. Floristically the association shows a slight relationship with the other associations in species groups T and U (Table 1) . However, this association is distinct and is only grouped with the other associations due to its locality in the semi-arid savanna of the SCPE and lack of a better placement as a true anthropogenic plant community. Plant species encountered per sample plot are on average 24 and the total number recorded for this association was 55 (three relevés) ( Table 2) . Two of the recorded taxa of conservation value are restricted to this association for the study area, namely the SCPE near-endemics Aloe castanea and Grewia vernicosa (Table 3) .
Ordination
On a regional scale, the area occupied by the Urochloo mosambicencis-Acacion tortilis of the SCPE is characterised as naturally sparsely vegetated due to low rainfall. It contains many syntaxa that are locally typical for this habitat, occurring nowhere else in the SCPE and possibly even the world. When compared with other habitats of the SCPE, the major environmental factors such as climate and geology are relatively homogeneous for this major vegetation group. However, the ordination indicated possible gradients that are mainly influenced by factors such as rock cover, soil moisture and soil depth. All these gradients correlate closely with each other and have a strong influence on the vegetation structure and species composition of the different plant communities (Table 1 ).
The ordination scatter diagram displays the distribution of relevés along the first and second axes (Fig. 2) . The vegetation units are represented as groups, their distribution on the diagram corresponding with certain physical environmental conditions. The rockiness and soil properties determine a definite vegetation gradient that is depicted by both the first (eigen value = 0.629) and second axis (eigen value = 0.344). Rockiness, soil moisture and soil depth determines moisture retention and drainage of any habitat. The gradient on the first axis expresses rock cover as a percentage of the soil surface, with the left of the scatter diagram representing rocky foot slopes and the right depicting the open valley plains. This relates closely to soil moisture, as rock covered soils have reserves of retained moisture in the topsoil which is available for plant uptake. On the second axis, deeper soils located at the bottom of the graph have prolonged water availability, because deep clayey soils retain moisture for a longer period. Steep slopes with shallow soils dry out quickly and are at the top of the diagram. Overall, the scatter diagram expresses a gradient from the shallow, rocky soils in the top, left corner (high available soil moisture, mainly in the wet season) to deep, clay soils in the bottom, right corner (low available soil moisture due to water retention in wet season).
Structure
To assist future land-use planning, the current relationships between the tree cover and herbaceous layer of the plant communities of the Potlake Nature Reserve and surrounds were investigated and documented. Co-existence graphs can be applied in the future management of the reserve to determine the state of the grass-forb-tree relationship. Briske & Hendrickson (1998) explain changes in vegetation structure, as a result of over-utilization, as an ecological consequence to minimise the effect of selective grazing/harvesting. Change in vegetation structure will reduce the probability of localised population extinction caused by long-term selective grazing/harvesting. The graphs of co-existence can be further applied by establishing control plots to monitor the state of the ecosystem by comparing it to the 20-year old information provided in this paper.
The trend depicted in Fig. 3a is that of soil quality, with grass cover percentage decreasing as the soil quality decreases. To the left of the diagram the soils have been altered by erosion and compacting, which has made it unsuitable for colonisation by forbs and grasses. Grass cover is a maximum on old fields and heavily grazed areas probably due to a history of fertilisation (sub-associations 2.4 and 2.5). To the right of the diagram, the soil chemistry has been changed by high salt concentrations deposited by non-perennial streams, favouring colonisation by salt tolerant forbs and a decrease in grass cover. The optimum condition for current land-use activities would be one with both the forb and grass TCPs at 15% each, which means allowing the land to revert back to an optimal system for grazing. Figure 3b illustrates the relationship between tree cover and the understorey herbaceous layer. Tree and herbaceous cover increases linearly, but once the tree cover reaches 15 %, there is a noticeable drop in the herbaceous cover due to competition for resources such as light. The communities to the left of the diagram are typically open tree savanna and the communities to the right represent closed thickets. Both the open savanna and the thickets are in some cases a result of anthropogenic and/or natural disturbance. When considering current land-use such as grazing, the optimum condition would be a tree TCP of 15 %, which would allow the herbaceous layer to attain a TCP of 30 % and higher. A short, semi-closed savanna would be the ideal structure to protect the soil, and provide enough light for forbs and grasses to co-exist in these semi-arid conditions and, at the same time, provide optimal grazing conditions.
Dynamics
Classification of the vegetation indicated that intensive long-term grazing and harvesting has modified the vegetation structure of this semi-arid savanna type of the SCPE in certain areas, resulting in disturbed plant communities. Altered species composition, decreased biomass and decreased species richness have previously been recorded in the savanna communities of other southern African communal grazing lands (Higgins et al. 1999) . Highly degraded ecosystems, especially those in semi-arid regions, do not recover to their original state once the stress loads are lessened (Rapport & Whitford 1999) , for these systems are event-driven (Ellis & Swift 1988) . The semi-arid savanna of the SCPE is probably an event-driven system as it is floristically related to Mopaneveld (Van Rooyen et al. 1981) , and should the disturbance be removed, its species composition will return to a type of savanna that will be determined by the environmental factors at that given time (Du Plessis 2001) . If the disturbance was drought, the species composition alternates between this event and the one during wetter periods, but will remain stable. However, if the species composition is changed as a result of persistent disturbance, the vegetation seems unable to recover to its so-called stable state. This is the case for the over-utilised areas of semiarid savanna in Sekhukhuneland, with old fields, heavily grazed rangelands, open cast mines and mine dumps covered by a grass layer of annual and alien species infestations .
Ongoing unsustainable utilisation of the woody canopy of the plant communities in the SCPE semi-arid savanna is detrimental to its future recovery, as it has been shown that the woody canopy of communities in the SCPE has a nurse plant effect on younger seedlings of trees and especially succulents (Thrash 1998 ). Furthermore, due to continuous intensive grazing in this region, no more protection is given to seedlings against fires and herbivores. Hence, the main factor for vegetation structure, species distribution and depletion during the past 50 years have possibly been anthropogenical. Small-scale disturbances act to increase the range of environmental conditions under which trees and grasses coexist as savanna (Jeltsch et al. 1998 ). However, large-scale disturbance, such as the over-harvesting of trees in the SCPE, result in grasslands dominated by annuals or bush encroachment by certain woody species. According to Roth (1999) , thorn scrub, a vegetation type of the Dominican Republic which the authors consider as structurally similar to the dominated Acacia tortilis shrublands of this northern part of the SCPE, is a form of secondary climax created through past land-use activities in areas once bearing more diverse dry woodlands. In semi-arid regions where event driven systems prevail, sustained disturbance will alter species composition to such an extent that the original, viable composition may never be regained (Westoby et al. 1989) .
Conservation
An analysis of the size structure in southern African communal lands suggested that land used for grazing have a reduced capacity for regeneration that consequently predicts future species losses (Higgins et al. 1999) . Large areas of the study area have already reached this stage and there are now certain vegetation units or areas that need special attention and should be considered for rehabilitation purposes. Throughout the SCPE the remaining wild populations of plants and animals are under intense pressure from the rapid developing mining industry and fast growing human population in the region (Joubert & Dreyer 2000; Knoll 2002; Siebert et al. 2002d) . Certain plant endemics and rare taxa of this semi-arid region of the SCPE are restricted to specific communities. Areas containing these communities require immediate attention as conservation priorities. Furthermore, like in other centres of plant diversity of the world (Stohlgren 1999) , alien plant invasions pose a significant challenge to the unique species composition of habitats and distinctive plant communities in this part of the SCPE. To further protect these unique species assemblages, attention needs to be given to the protection of important species with conservation value, such as local endemic, near-endemic and threatened taxa ( Table 2 ). The creation of nature reserves and/or resource reserves is one solution to this problem. If its size could be increased, the Potlake Nature Reserve could be the solution to protect a large part of this unique semi-arid savanna. However, financial constraints, frequent droughts, illegal plant harvesting and unsustainable former land-use have left its scars in this reserve and its surrounds.
Conclusions
The TWINSPAN classification and its subsequent refinement by Braun-Blanquet procedures resulted in the delineation of eight plant communities. These communities can be related to certain environmental factors, the gradients of which are proposed in the DECORANA scatter diagram. Moisture availability plays a major role in the survival of the plant species and therefore soil depth and rock cover are major determinants of the species composition of the communities. Different events related to land-use history and current management practices, as well as natural factors such as soil structure, determine the current structure and distribution of these savanna plant communities.
Description and classification of the different vegetation units of Potlake Nature Reserve and its surrounds makes a significant contribution towards the understanding of the semi-arid regions of the SCPE. However, further more detailed ecological studies need to be done on old fields and degraded systems of different ages to derive hypothetical succession pathways for future grazing management in especially the Potlake Nature Reserve and its surrounding grazing areas.
Proper and sound assessments of the region's vegetation (including aspects such as species richness and threats) to determine its suitability for conservation are a prerequisite before suggestions concerning sustainable development and conservation can be made (Bedward et al. 1992) . The information supplied in this paper can be meaningfully applied to develop management and conservation plans for this species rich, but threatened, area.
